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Abstract

Conversational  Artificial  Intelligence (ConvAl)
represents a transformative technology for early
childhood education (ECE). ConvAl enables natural,
multi-turn, voice-based dialogues with real-time
adaptive scaffolding—a critical distinction for early
learners who lack the fine motor skills required for
typing. Early learners can also benefit from vivid and
interactive communication with the ConvAl tools.
This paper examines the technological foundations of
ConvAl, its evolution within the ECE context, and
three evidence-based learning scenarios utilizing
ConvAl:  for linguistic development, cognitive
development, and social-emotional development. It
further summarizes the substantial benefits and
challenges of ConvAl in ECE. Moreover, we propose
future directions for ConvAl in ECE, including
multimodal and multilingual support, children Al
literacy building, emotionally aware Al system, and
collaborative intelligence augmentation. Ultimately,
we believe ConvAl could be a scalable and adaptive
supplement to human educators in ECE when
designed with developmental appropriateness, ethical
safeguards, and pedagogical alignment.

1. Introduction

Conversational Artificial Intelligence (ConvAl) is
profoundly transforming how young children engage
with virtual learning environments, bringing
substantial changes to early childhood educational
technology [1]. ConvAl refers to sophisticated
technological systems that use machine learning
algorithms, natural language processing, and context-
aware response generation to enable computers to
conduct conversations [2]. The technology integrates
several core components: natural language processing
for interpreting spoken and written language; dialogue
management systems controlling conversational flow
and context retention; speech recognition and
synthesis  technologies  enabling  voice-based
interactions; and machine learning algorithms
facilitating adaptive responses determined by user
interactions [2].

Early Childhood Education (ECE) encompasses
children ages three to eight and emphasizes play-
based, holistic development [3]. ConvAl offers tools

like voice-enabled toys and smart speakers to boost
language, literacy, and math skills through natural
dialogue, personalized learning, and immediate
feedback [4]. It is especially important for ECE as it
uniquely addresses developmental constraints faced
by young children with limited fine motor skills.
Unlike text-based or menu-driven educational
systems that require keyboard input and sustained
visual attention to screens, voice-based ConvAl
eliminates typing demands while offering multimodal
engagement that combines auditory input, animated
characters, and visual elements [1]. These systems
provide personalized scaffolding adapted to
individual developmental stages, real-time feedback
on pronunciation and comprehension, consistent
practice with infinite patience and repetition, and 24/7
access that supports personalized learning timelines
[5].

ConvAl stands out in ECE through age-appropriate
interactivity via simplified language patterns,
engaging character personas, adaptive responsiveness
calibrated to individual developmental needs, and
multimodal engagement combining multiple sensory
channels [6]. These features align with foundational
ECE principles emphasizing play-based learning,
child-centered personalization, and responsive
pedagogy [7].

This paper first reviews the evolution of Al
technologies in ECE, then examines how ConvAl can
be applied in three substantial learning scenarios. We
further summarize the benefits and challenges of
ConvAl in ECE. Future developmental direction will
be given at last.

2. Evolution of AI technologies in ECE

2.1 Stage 1: Traditional Rule-Based Chatbots
(2008-2015)

The initial phase of Al integration in learning
featured rule-based chatbots operating through
scripted response trees and keyword-triggering
algorithms. These early systems relied on scripted
interactions where specific input patterns triggered
corresponding pre-programmed outputs. It focuses on
basic question-answering functionality, simple
vocabulary practice, and linear storytelling
experiences. Rule-based chatbot was not effective due



to its inflexible dialogue patterns, inability to adapt to
individual  learning  needs, and  restricted
conversational depth [8]. However, these early
implementations established foundational principles
for child-safe interaction design and age-appropriate
content filtering that continue  informing
contemporary systems.

2.2 Stage 2: Personal AI-Based Tutor Systems
(2016-2020)

The second evolutionary stage is featured by
adaptive learning and personalized content delivery
through sophisticated Al tutoring platforms.
Zuoyebang, China's largest K-12 online education
platform with over 800 million registered users is a
typical example. It utilizes Al-assisted learning
platforms to pair students with teachers. It further
incorporates gesture, facial, expression and voice
recognition to engage young learners. The platform's
courseware demonstrates significant advances in
personalized  learning  pathways, real-time
engagement monitoring, and adaptive difficulty
adjustment [9]. The intelligent tutoring systems at this
stage, are mainly in charge of performance tracking,
content recommendation, and progress assessment;
however, most remained with structured curriculum
delivery rather than natural conversational interaction
with a clear memory of conversational context [10].

2.3 Stage 3: ConvAl-Based Learning Tools
(2021-Present)

The contemporary stage features sophisticated
ConvAl systems capable of natural dialogue,
contextual understanding, and dynamic content
generation [11]. Recent implementations demonstrate
remarkable advances in voice-based interaction
quality, emotional responsiveness, and creative
collaboration. Modern ConvAl tools can effectively
support collaborative problem-solving, creative
storytelling, and social skill development. All these
greatly enhance children's emotional intelligence
development [7]. The evolution process is shown in
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Figure 1: Evolution of Al in ECE

3. ConvAl in Learning Scenarios

3.1 Interactive storytelling for linguistic
development

Interactive storytelling with ConvAl creates
dynamic narrative experiences where children
actively co-author stories through voice-based
dialogue  rather than  passively consuming
predetermined plots. In this scenario, a child could
engage with an Al system presenting an opening
narrative premise, then respond vocally to guide story
development. The Al interprets the child's speech,
generates contextually appropriate plot developments
incorporating the child's suggestions, and prompts
continued participation through engaging follow-up
questions. In some occasions, there are animated
characters visualizing the story environment, which
help to reinforce narrative comprehension. The
interactive storytelling with ConvAl substantially
benefit Children’ linguistic development, as Al-
driven personalized learning system could enhance
vocabulary and syntax skills among young learners
[12]. The infinite patience of ConvAl systems could
also enable repetition without social embarrassment,
addressing a key developmental need for young
learners building conversational confidence.

Buddy.ai, a game and voice-based learning tool is
a good example of linguistic development and
storytelling. Compared with other language learning
tools such as Loora, Buddy.ai focuses on children
learning English as a second language. It understands
the voices of children with many different accents all
over the world. It further combines multimodal
avatar-based Al tutoring systems, which is proved to
enhance learning and engage with children with
game-based and story-driven education [13].
Furthermore, it delivers millions of interactive
storytelling sessions for young learners through
ConvAl characters designed specifically for ECE
[14].

3.2 Exploratory inquiry for cognitive and
Science, Technology, Engineering, and
Mathematics (STEM) skills

ConvAl functions as a guided-discovery partner
supporting children's self-directed investigation of
scientific concepts, mathematical relationships, and
problem-solving processes. Children pose questions
and the AI engages them in interactive dialogue:
asking questions that prompt deeper thinking, offering
carefully hints that maintain cognitive challenge
without frustration, and introducing conceptual
scaffolding that advances understanding. In the
literature, Lee and Xiong [15] examined an Al-
powered integration platform for teaching
computational thinking to children ages four to nine.



Their system enabled young children to describe
desired programming tasks in natural language and
the ConvAl translate these intentions into
decomposed sub-tasks, execute these programs via
tangible robots, and demonstrate outcomes
immediately. By eliminating keyboard requirements
and enabling voice-based interaction, the system
made computational thinking accessible to children
whose fine motor development remained incomplete
[15]. Furthermore, in STEM learning, ConvAl would
also function as an “object-to-think-with”, a resource
fostering reflective and critical thinking [16]. Students
demonstrate enhanced problem-solving abilities,
improved computational thinking, strengthened
memory formation, and achieve a better cognitive and
emotional state.

LittleLit is a standout platform designed for Al
education tailored to young learners. It is a good
example to showcase how ConvAl based tutoring
system help young children explore their STEM
skills. LittleLit encourages children to explore
concepts like Al coding via various kids Al
models and gain a solid foundation in Al for kids
learning. It will further spark creativity and innovation
through building their own STEM projects [17].

3.3 Emotion coaching dialogues for Social-
Emotional Learning (SEL)

Emotion coaching through ConvAl creates
structured opportunities for children to develop
social-emotional competencies, like self-awareness
and self-management. A synthesizing study on Al-
powered chatbots in early childhood social-emotional
learning found substantial evidence for chatbot
effectiveness in  supporting observable and
measurable SEL competencies [18]. Emotion
recognition algorithms classify children's affective
responses through voice and text-based inputs,
enabling delivery of personalized and adaptive
feedback [18]. Voice modulation analysis detects
frustration, confusion, excitement, and other affective
states, allowing the ConvAl to adjust interaction tone,
complexity, and supportiveness in real time [18].
What is more, studies examining relationship between
SEL and conversational agents claimed that ConvAI
can support with children’s active listening, emotional
wellbeing, conversation with other people, and
politeness [19].

Innervoice, an avatar chatbot for social
communication, uses Al and personalized avatars for
autism children to practice scripted conversations,
learn emotional recognition (matching expressions to
tones/words), and build connections between objects,
words, and language. Here, autism children can
practice conversational turn-taking, understand cause-
and-effect in dialogue, and even send messages in real
life to support their SEL. Applications like InnerVoice
demonstrates ConvAl's broader potential for

supporting clinical and/or family-based social-
emotional development [20]. The three typical
ConvAl products discussed above are displayed in

figure 2.
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4. Summarized benefits and challenges of
ConvAl in ECE

ConvAl offers substantial benefits as elaborated in
section 3, while simultaneously presenting important
implementation challenges that requires careful
attention. The benefits and challenges of ConvAl in
ECE are summarized as below.

4.1 Benefits of ConvAl in ECE

First, learning ability enhancement. ConvAl
provides personalized learning, literacy and language
development, mathematical thinking, and enhanced
engagement in learning. For example, Aslan etal. [21]
developed Kid Space using various sensing
technologies with a multimodal ConvAl system that
can understand individual progress and provide
personalized learning experiences. It also adapts
difficulty level and give feedback, and adjust content
to children’s individual needs. Similarly, Quan et al.
[22] developed an LLM-powered ConvAl system
(Vovo), and proved that Vovo can deliver structured
literacy instruction as effectively as parents. Last,
Zeng [4] proposed ConvAl as a dialogic partner in
play-based numeracy, which can support young
children’s mathematical thinking.

Second, social and emotional development.
ConvAl agents and social robots can provide
structured social practice to guide young children with
their emotional development, enhance their SEL skills
[18], and improve social interaction for children with
autism spectrum disorder [23].

Third, teacher and parents’ support. ConvAl tools
could become on-call facilitators for teachers and
parents [24]. As ConvAl could provide immediate and
personalized feedback to young children, it reduces
the workload of trainers who need to otherwise
constantly pay attention to children’s repetitive
questions. It could also help educators better design
school activities, and create innovative curriculums.

Fourth, encourage equity and access in learning.
With the reduction of development cost, a ConvAl
tool nowadays becomes affordable for most of the
families. With the wide adoption of ConvAl in school
and home education, it has a great potential to support
diverse needs of young children, including those with



special educational needs. This has greatly enhanced
the equity and accessibility in learning.

4.2 Challenges of ConvAl in ECE

First, children’s linguistic developmental risks.
Yong children rely on ConvAl tools to teach
themselves languages, however, the Al agents may
present certain speech pattern toward machine
understanding. Such a conversational habit may not
be optimized for human communication [8].
Furthermore, ConvAl often cannot interpret non-
literal, imaginative, or emotionally complex in child
communication, which leads to inadequate or harmful
responses [25].

Second, pedagogical challenges. Over reliance on
ConvAl in social learning context may limit
children’s creativity, emotional resilience, problem
solving abilities, and relationship building with peers
and teachers [25]. The conversational patten is also
relatively “weak” with limited dialogic depth
compared with human conversation [23].

Third, safety and attachment security. Biased data
in ConvAl system can produce discriminatory
content, misinformation, and dangerous or
inappropriate advice to young children who have
limited judgement ability [3]. Also, once children
over rely on ConvAl for daily companions instead of
human, attachment security may become a serious
issue when children form significant emotional bonds
with Al systems.

Fourth, implementation barriers. There is a lack of
specialized training for educators and parents to
effectively and ethically integrate these ConvAl tools
into daily practice. There is also a lack of ConvAl
policy framework to guide the appropriate use of
children’s data and privacy, as well as the tool itself
[26]. The benefits and challenges of ConvAl in ECE
are summarized in Table 1. below.

Benefits Challenges
e  Learning ability e  Children’s linguistic
enhancement developmental risks
e  Social and e  Pedagogical
emotional challenges
development
e  Teacher and parents’ | ®  Safety and attachment
support security
®  Encourage equity ¢  Implementation
and access in barriers
learning

Table 1. Summarized benefits and challenges
S. Future directions

First, multimodal and multilingual interaction.
Future ConvAl systems should integrate voice, text,
images, and physical gestures to create more natural,
"human-like" learning environment to address

children’s versatile needs. Similarly, multilingual
capabilities allow children from diversified
background to equally access ConvAl tools.

Second, building children’s Al literacy. Al literacy
describes the competencies to understand the basic
knowledge and concepts about AI [27]. Young
children should be able to understand, use and
evaluate the competences of ConvAl, therefore,
moving beyond "learning with" Al to "learning about"
AI[26].

Third, emotionally aware Al. Advanced sentiment
analysis and natural language processing should allow
Al to better detect frustration or confusion in a child’s
tone and emotion, and adjust its pedagogical approach
with empathetic responses [25].

Last, collaborative intelligence augmentation. In
the future, children’s learning with AI should show a
triadic model: the educator-child-Al triad, where
ConvAl provide information (a child-facing dialogue
partner), and educators contribute experiences and
provide guidance [24]. ConvAl should augment
instead of replace human educators.

6. Conclusions

ConvAl transforms ECE through voice-based,
multimodal interaction  supporting  linguistic,
cognitive, and social-emotional development.
Evolution from rule-based systems to adaptive
conversational tools enables interactive storytelling,
exploratory inquiry, and emotion coaching. This
paper introduced the evolution of Al technologies in
ECE, elaborated three application scenarios of
ConvAl, discussed the benefits and challenges of
ConvAl in ECE, and provided future directions for
ConvAl in young children education. We concluded
that ConvAl in ECE shows meaningful promise, but
the safe usage depends on careful human oversight,
ethical and inclusive product design, and strong
educator and policy support. The educator-child-Al
triad in multimodal, emotional aware ConvAl use
may become the future trend with this regard. In the
future, ConvAl should securely and effectively
supplement human educators to generate equitable
and sustainable ECE outcomes.

7. References

[1] K. Kanders, L. Stupple-Harris, L. Smith, and J. L.
Gibson, “Perspectives on the Impact of Generative Al on
Early-childhood Development and Education”, Infant and
Child Development, 2024, 33(4).

[2] N. Shrivastava, P. Tewari, S. Sujatha, S. R. Bogireddy,
N. Varshney, and V. Sharma, “Natural Language
Processing for Conversational Al: Chatbots and Virtual
Assistants”, 2025, IATMSI, Gwalior, India, pp.1-6.

[3]J.J. Chen, “A Scoping Study on Al Affordances in Early
Childhood Education: Mapping the Global Landscape,
Identifying Research Gaps, and Charting Future Research



Directions”, Journal of Artificial Intelligence Research,
2024, 81.

[4] S. A. Zeng, “Dialogues in Play: Conversational Al and
Early Mathematical Thinking”, Education Science, 2025,
15(11), 1516.

[5] F. Catania, M. Spitale, G. Cosentino, and F. Garzotto,
“Conversational Agents to Promote Children's Verbal
Communication Skills”. In Fglstad, A., et al. Chatbot
Research and Design, Lecture Notes in Computer Science,
2021,12604, pp. 158-172.

[6] M. McTear and M. Ashurkina, “A New Era in
Conversational AI”, in Transforming Conversational Al,
Springer, 2024, pp. 1-16.

[7] M. Azhar, H. S. Hin, and N. T. Kian, “Enhancing Early
Childhood Reading Skills Through Immersive AR and
Conversational AI”. 13" International Conference on
Information and Education Technology, 2025, pp. 71-75.
[8] L. Labadze, M. Grigolia, and L. Machaidze, “Role of Al
Chatbots in Education: Systematic Literature Review”,
International Journal of Educational Technology in Higher
Education, 2023, 20(56).

[9] E. Lee, “Chinese Edtech Giant Zuoyebang Raises $750
Million”, TechNode. 2020, Retrieved from
https://technode.com/2020/06/29/chinese-edtech-giant-
zuoyebang-raises-750-million/

[10] I. Gligorea, M. Cioca, R. Oancea, A. Gorski, H. Gorski,
and P. Tudorache, “Adaptive Learning Using Artificial
Intelligence in E-learning: A Literature Review”, Education
Sciences, 2023, 13(12), 1216.

[11] D.-Y. Kim, H. J. Lym, H. Lee, Y. J. Lee, J. Kim, M.-
G. Kim, and Y. Baek, “Child-Centric Robot Dialogue
Systems: Fine-Tuning Large Language Models for Better
Utterance Understanding and Interaction”, Sensors, 2024,
24(24), 79309.

[12] A. Aravind, M. Durairaj, P. Chitkara, and others,
“Adaptive Al-Based Personalized Learning for Accelerated
Vocabulary and Syntax Mastery in Young English
Learners”, International Journal of Advanced Computer
Science and Applications, 2025, 16(4), pp. 678-687.

[13] Edtechdigest, Buddy.ai, 2025, retrieved from:
https://www.edtechdigest.com/2025/04/23/buddy-ai/

[14] Buddy.ai., Buddy.ai: English for Children Online from
Scratch, 2024, retrieved from https://buddy.ai

[15] C. Lee, and J. Xiong, “From Keyboard to Chatbot: An
Al-powered Integration Platform with Large-language
Models for Teaching Computational Thinking for Young
Children”, ArXiv, 2024, retrieved from
https://arxiv.org/pdf/2405.00750v1

[16] M. A. R. Vasconcelos, and R. P. dos Santos,
“Enhancing STEM learning with ChatGPT and Bing Chat
as Objects to Think with: A Case Study”, Eurasia Journal

of Mathematics, Science and Technology Education, 2023,
19(7).

[17] Littlelit, AI-Powered Learning for Kids, 2026, retrieved
from https://www littlelit.ai/

[18] B. Ozdemir Beceren, S. Saritas and C. Baydemir,
“Digital Companions in Early Childhood Education: A
Scoping Review on the Role of Al-powered Chatbots in
Supporting Social-emotional Learning”, Frontiers in
Education, 2025, 10, 1308752.

[19] Y. Fu, R. Michelson, Y. Lin, L. K. Nguyen, and others,
“Social Emotional Learning with Conversational Agents:
Reviewing Current Designs and Probing Parents’ Ideas for
Future Ones”, Proceedings of ACM Interaction Mobile
Wearable Ubiquitous Technology, 2022, 6 (2).

[20]  InnerVoice, Your Voice Matters, 2026,
https://www.innervoiceapp.com/

[21] S. Aslan, L. M. Durham, N. Alyuz, and others, “What
is the Impact of a Multi-modal Pedagogical Conversational
Al System on Parents’ Concerns about Technology Use by
Young Children?”, British Journal of Educational
Technology, 2023, 55(4), pp. 1625-1650.

[22] S. Quan, X. Tu-Shea, Y. Ding, Y. Du, Q. Zheng, and
L. E., Gerdich, “Conversational Al in Children’s Home
Literacy Learning: Effectiveness, Advantages, Challenges,
and Family Perception”, Computers and Education:
Artificial Intelligence, 2026, 10, 100549.

[23] H. Yi, T. Liu, and G. Lan, “The Key Artificial
Intelligence Technologies in Early Childhood Education: A
Review”, Artificial Intelligence Review, 2024, 57(12).

[24] W. Luo, H. He, J. Liu, I. R. Berson, M. J. Berson, Y.
Zhou, and H. Li, “Aladdin’s Genie or Pandora’s Box for
Early Childhood Education? Experts Chat on the Roles,
Challenges, and Developments of ChatGPT”, Early
Education and Development, 2024, 35(1), pp. 96-113.

[25] N. Kurian, “AI’'s Empathy Gap: The Risks of
Conversational Artificial Intelligence for Young Children’s
Well-being and Key Ethical Considerations for Early
Childhood Education and Care”, Contemporary Issues in
Early Childhood, 2025, 26(1), pp. 132-139.

[26] J. Su and W. Yang, “Artificial Intelligence in Early
Childhood Education: A Scoping Review”, Computer and
Education: Artificial Intelligence, 2022, 3.

[27] H. Burgsteiner, M. Kandlhofer, and G. Steinbauer,
“IRobot: Teaching the Basics of Artificial Intelligence in
High Schools”, Proceedings of the AAAI Conference on
Artificial Intelligence, 2016, 30(1).






